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Introduction 
Chronobiology is the field of science which studies the biological rhythms and the mechanisms by which 
the organisms adapt to a constantly changing environment. Animals synchronize their rhythms with 
environmental cycles choosing the most suitable moment to feed, reproduce or be active, thereby 
optimizing biological processes. In fish, the study of circadian activity and feeding rhythms has been 
profusely investigated lately; however, reproduction rhythms are often neglected. Fish species reproduce 
once a year around a species specific season, but many of them can also present lunar reproduction rhythms 
and may even select the best moment of the day to spawn (Oliveira & Sánchez-Vázquez 2009). Knowing 
the moment of the day spawning occurs can improve egg collection protocols and provide insides about 
time of ovulation. This kind of knowledge can be very useful for gamete collection and in vitro fertilization 
procedures. In fact, for species like red snapper, red sea bream or bambooleaf wrasse, daily maturation 
rhythms have been observed (Matsuyama et al. 1988, 1998; Jackson et al. 2006). Thus the objective of this 
work is to review the evidences of daily rhythms of reproduction in teleost species (e.g. Senegal sole, Solea 
senegalensis, gilthead seabream, Sparus aurata, European sea bass, Dicentrarchus labrax, white seabream, Diplodus 
sargus, and zebrafish, Danio rerio), highlighting the importance of the time of day in gamete studies. 
Material and methods 
Spawning and sex steroids rhythms were studied. Spawning rhythms were monitored using an automatic 
rotative egg-collector which allowed the hourly collection of the eggs and therefore identifying the moment 
of the day they were laid (Meseguer et al. 2008). Egg quality parameters such as fertilization and hatching 
rate were assessed for each time interval, in order to identify a fluctuation through the spawning hours. 
Furthermore, modified photoperiods and constant lighting conditions were applied to study the plasticity of 
the rhythm and its endogenous origin, respectively. Once more, egg quality parameters were measured 
hourly. In some cases, locomotor activity was also monitored in the breeders, using infrared photocells to 
detect fish movements, relating behavior with spawning timing. For sex steroids rhythm assessment, blood 
samples were withdrawn every 3 hours until a 24h cycle was completed, in order to determine daily 
oscillations of these hormones concentration in plasma throughout the day. In all cases, the significance of 
the rhythms was tested using the COSINOR analysis.  
Results 
All five species presented very marked daily spawning rhythms, with different timings of spawning, 
according to each species.  Senegal sole, white seabream and European sea bass spawned at night, between 
20:00-00:00h, 20:00-04:00h and 20:00–00:00h, respectively. Gilthead seabream preferred the late hours of 
the afternoon and the beginning of the night (16:00–22:00h) while zebrafish spawned early in the morning 
(08:00-12:00h). Egg quality parameters did not show differences between different hours of spawning for 
Senegal sole and gilthead seabream, however, in white seabream hatching rates of first eggs (20:00-22:00h) 
were significantly lower than for the ones laid later in the night (02:00-04:00h). Under conditions of 
modified photoperiod, both Senegal sole and gilthead seabream had the ability to gradually re-synchronize 
daily spawning rhythms to the new photoperiod. When fish were subjected to LL conditions the rhythm 
persisted during 2 days in the case of Senegal sole and fee-run during several days in the case of zebrafish 
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and white seabream. No important changes in egg quantity and quality were noticed when the photoperiod 
was manipulated. In the cases locomotor activity was registered (sole, seabass and zebrafish), a peak of 
activity was observed at the moment the spawning occurred. Furthermore, in the case of Senegal sole, this 
species also presented a very market daily rhythm of both estradiol and testosterone concentrations in 
females.  
Discussion and conclusions 
Fish do not spawn equally at any time of day. According to each species requirements there is a preference 
to spawn at a determined moment, suggesting that also ovulation undergoes a daily rhythm, and there is 
probably an optimal time window for gametes collection. The daily spawning rhythms are apparently 
strongly entrained by photoperiod (Blanco-Vives et al. 2009), and can gradually resynchronize to a change in 
this environmental signal and for some of the species studied they persisted under constant lighting 
conditions evidencing the presence of an endogenous oscillator driving these rhythm (Meseguer et al. 2008; 
Oliveira & Sánchez-Vázquez 2009). This capacity of the rhythm to adapt to photoperiod changes without 
alterations in egg quality may be an important tool for scientists and aquaculturists allowing manipulating 
photoperiod in order to obtain eggs (or gametes) available at the most convenient time of the day. When 
the locomotor activity was assessed, rhythms where in phase, suggesting a strategy of each species to choose 
the best moment of the day to be active at all levels. In the case of Senegal sole also a sex steroid rhythm 
was observed, reinforcing the markedly rhythmic pattern of daily reproduction (Oliveira & Sánchez-
Vázquez 2009). With this in mind, we may say that the time of day has a major importance in reproduction 
studies, and should be carefully considered in studies related with spawning, gametes and hormonal 
induction.  
Aknowledgements 
This research was funded by the MEC project Reprosolea, AGL 2004-07984-C02-01, and by SENECA 
Project 05690/PI/07 both granted to FJSV, as well as by ProSpawn project (FP7/SME/2008/1) conceded 
to MTD. CO is supported by a Post Doctoral grant from the Portuguese Ministry of Science and 
Technology (SFRH/BPD/63933/2009) co-founded by POPH - QREN - Tipologia 4.1 (FEDER and 
MCTES). 
References 
Jackson M.W.; Nieland D.L.; Cowan J.H., 2006: Diel spawning periodicity of red snapper Lutjanus 
campechanus in the northern Gulf of Mexico. J. Fish Biol. 68, 695–706. 
Matsuyama M.; Adachi S.; Nagahama Y.; Matsuura S., 1988: Diurnal rhythms of oocyte development 
and plasma steroid hormone levels in the female red sea bream, Pagrus major, during the spawning 
season. Aquaculture 73, 357–372. 
Matsuyama M.; Morita S.; Nasu T.; Kashiwagi M., 1998: Daily spawning and development of sensitivity 
to gonadotropin and maturation-inducing steroid in the oocytes of the bambooleaf wrasse, 
Pseudolabrus japonicus. Environ. Biol. Fishes 52, 281–290. 
Blanco-Vives B.; Sánchez-Vázquez F.J., 2009: Synchronization to light and feeding time of circadian 
rhythms of spawning and locomotor activity in zebrafish. Physiol. Behav. 98, 268-75. 
Meseguer C.; Ramos J.; Bayarri M.J.; Oliveira C.; Sánchez-Vázquez F.J., 2008: Light synchronisation of 
the daily spawning rhythms of gilthead seabream (Sparus aurata L) kept under different photoperiod 
and after shifting the LD cycle. Chronobiol. Int. 25, 666-679. 
Oliveira C.; Sánchez-Vázquez F.J., 2009: Reproduction rhythms in fishes. In: Kulczykowska E. (eds.), 
Biological Clocks in Fish. Sciene Publishes, Enfield., pp. 185-216. 
  
